It is unclear whether weight change during adulthood affects the risk of obesity-related cancers such as those of the esophagus, colorectum, pancreas, breast, endometrium, and kidney among Japanese, where obesity is less frequent and less severe. We examined the association between weight change during adulthood and the risk of obesity-related cancer among Japanese by conducting a pooled analysis of two prospective studies of residents in Miyagi Prefecture, Japan. A total of 78,743 persons (40,422 women and 38,321 men) aged 40-79 years participated in the Miyagi Cohort Study in 1990 and in the Ohsaki Cohort Study in 1994. Weight change since age 20 was divided into four categories (weight loss; stable weight; moderate weight gain; high weight gain). Cox proportional hazards regression analysis was used to estimate the multivariate hazard ratios (HRs) and 95% confidence intervals (CIs) for obesity-related cancer incidence. During 1,057,899 person-years of follow up, 4,467 cases of obesity-related cancer (women; 1,916 cases, men; 2,551cases) were identified. In women, compared to the stable weight, weight gain was associated with an increased risk of obesity-related cancer (moderate weight gain; HRs = 1.10, 95%CIs: 0.97-1.26, high weight gain; HRs = 1.29, 95%CIs: 1.14-1.47). The results indicate that weight gain since age 20 was associated with a significantly increased risk of obesity-related cancer among Japanese women. By contrast, in men, our study found that weight change is not associated with the incidence of obesity-related cancer.
Introduction
Excess body weight and weight gain during adulthood pose an increased risk of major chronic diseases, including several cancers.
1,2 A study conducted in the United States in 2014
found that excess body weight was associated with 10.9% of all incident cancers in women, and represented the second highest population-attributable fraction among major risk factors for cancer (PAF). 3 Similarly, excess body weight was associated with 4.8% of all incident cancers in men, and represented the third highest PAF. 3 Excess body weight and weight gain during adulthood are important public health problems that affect the incidence of cancer, and weight control during adulthood is effective for prevention of obesityrelated cancer.
The association between weight change during adulthood and the risk of obesity-related cancers has been investigated mainly in western countries. One meta-analysis including a total of 50 previous studies reported that adult weight gain was associated with an increased risk of postmenopausal breast cancer and endometrial cancer, although it was unrelated to colon cancer in women. 4 It is generally recognized that Asian women tend not to be as overweight or obese as western women 5, 6 , and one study has examined the association between weight change during adulthood and the risk of overall cancer and major site-specific cancer among Chinese women. 7 That study concluded that weight gain since age 20 was associated with an increased risk of postmenopausal breast cancer and endometrial cancer.
risk of obesity-related cancer (colorectal, renal, pancreatic, and esophageal cancers) in men. 4, 8 However, compared to the number of previous studies conducted in western countries, relatively few studies have examined the association between weight change during adulthood and the risk of obesity-related cancer among Asian, and no study has examined these associations in Japanese. Therefore, the objective of our study was to examine the association between weight change since age 20 and the risk of obesity-related cancer, both overall and at individual sites, among Japanese.
Methods

Study population
We carried out a pooled analysis of two prospective cohort studies, the Miyagi Cohort Study and the Ohsaki Cohort Study, details of which have been described previously elsewhere. [9] [10] [11] In brief, for the Miyagi Cohort Study, we distributed a self-administered questionnaire to all 51,921 subjects (26,642 women and 25,279 men) aged 40-64 years resident in 14 municipalities of Miyagi Prefecture, northeastern Japan, between June and August 1990. We collected eligible questionnaires from 24,769 47,605 of those subjects (response rate: 91.7%). 9 For the Ohsaki Cohort Study, we distributed a self-administered questionnaire to all 54,996 subjects (28,515 women and 26,481men) aged 40-79 years living in the catchment area of the Ohsaki Public Health Center, a local government agency that provides preventive health services for the residents of 14 municipalities in Miyagi Prefecture, between September and December 1994. We collected eligible questionnaires from 52,029 of those subjects (response rate: 94.6%). 10 The study protocol was reviewed and approved by the Institutional Review Board of Tohoku University Graduate School of Medicine (approved number: 2014-1-838 for Miyagi, 2014-1-839 for Ohsaki). We considered the return of self-administered questionnaires signed by the participants to indicate their consent to participate in the study.
We excluded from our analysis 777 subjects who had moved from the study area before the start of follow-up and one woman whose date of cancer diagnosis was missing in the Ohsaki Cohort Study. Also, during the process of pooling the two cohorts, we identified 5,451 subjects who had participated in both of the cohort studies. Therefore, we eliminated data only for those subjects involved in the Ohsaki Cohort Study, for which the baseline followed that of the Miyagi Cohort Study. In addition, we excluded subjects who had a history of cancer at the baseline (n = 4,094) and those for whom data were missing with regard to weight at the baseline (n = 3,625), weight at age 20 (n = 5,544), and height at the baseline (n = 1,399). After these exclusions, 78,743 subjects (40,422 women and 38,321 men) were eligible for analysis.
Exposure data
We collected data at the baseline for each individual using a self-completed questionnaire inquiring about age, weight at the baseline, weight at age 20, height, medical history, level of education, smoking status, alcohol consumption, time spent walking, history of cancer in the family, number of births, age at menarche, menopausal status, and use of oral contraceptives.
Weight change since age 20 was calculated as the difference between weight at the baseline and weight at age 20. Weight change since age 20 was categorized into quartile values: women; weight loss (<−2.0 kg), stable weight (−2.0 to +4.0 kg), moderate weight gain (+4.1 to +9.0 kg), and high weight gain (> + 9.0 kg), men; weight loss (<−2.9 kg), stable weight (−2.9 to +3.0 kg), moderate weight gain (+3.1 to +8.0 kg), and high weight gain (> + 8.0 kg).
We evaluated the validity of self-reported body height and body weight. Among the study subjects in the Miyagi Cohort Study, 7,153 had had their body height and weight measured during health examinations provided by the local government in 1990. The Pearson's correlation coefficient (r) for selfreported and measured values was 0.97 for body weight (p < 0.01) and 0.85 for body height (p < 0.01). On the other hand, among the study subjects in the Ohsaki Cohort Study, 14,883 had had their body height and weight measured during local government health examinations in 1995. The Pearson's correlation coefficient for self-reported and measured values was 0.96 for body weight (p < 0.01) and 0.93 for body height (p < 0.01). 12 Thus, the self-reported weight and height data obtained by these baseline questionnaires were considered to be sufficiently valid.
Follow-up
The follow-up period for the Miyagi Cohort Study was from 1 June 1990 to 31 December 2007, and that for the Ohsaki Cohort Study was from 1 January 1995 to 31 March 2008.
What's new?
Studies showing a relationship between increased cancer risk and weight gain and obesity in adulthood have focused primarily on Western countries. Compared to Western women, however, Asian women generally have lower rates of overweight and obesity. Nonetheless, in the present study, weight gain since age 20 was associated with increased risk of obesity-related cancers in Japanese women. Risk was elevated particularly for colon cancer, postmenopausal breast cancer, and endometrial cancer. No significant associations were found for Japanese men. The results highlight the importance of maintaining standard body weight in adulthood for the prevention of obesity-related cancers in Japanese women.
Obesity-related cancer in Japan For both cohorts, we followed the incidence of cancer and residential status using the records of the Miyagi Prefectural Cancer Registry, one of the oldest and most accurate population-based cancer registries in Japan. 13 The endpoints were incidence of obesity-related cancer and of cancer at individual sites, defined according to the International Classification of Diseases for Oncology, 3rd ed. (ICD-O-3) . In our study, we defined thirteen cancers (esophageal cancer (C15), gastric cardia cancer (C16.0), colorectal cancer (C18-20), liver cancer (C22), gallbladder cancer (C23), pancreatic cancer (C25), multiple myeloma (C42.1), postmenopausal breast cancer (C50), endometrial cancer (C54), ovarian cancer (C56), kidney cancer (C64), meningioma (C70) and thyroid cancer (C73) for which the World Cancer Research Fund/American Institute for Cancer Research have judged to have a convincingly increased risk in relation to body fatness. [14] [15] [16] During the follow-up period, the number of individuals lost to follow-up was 2,425 in the Miyagi Cohort Study (6.0% of the analyzed individuals) and 6,652 in the Ohsaki Cohort Study (17.7%). For each individual, we continued follow-up until diagnosis of obesity-related cancer, death, emigration from the study area, or the end of the observation period, whichever occurred first.
Statistical analysis
We prospectively counted the person-years of follow-up for each subject. Next, we used Cox proportional hazards regression analysis to estimate the multivariate-adjusted hazard ratio (HR) and 95% confidence intervals (95% CIs) for incidence of obesity-related cancer in relation to stable weight as the reference group in both men and women. Also, to consider the effect of reverse causality, we carried out sensitivity analysis excluding cases of obesity-related cancer that occurred in the first 3 years. The P-values for the test of linear trend (P for weight gain trend) were calculated using weight change category as a continuous variable. We considered the after variables to be potential confounders: age at the baseline (continuous variable), body mass index (BMI) at age 20 (continuous variable), history of diabetes mellitus (DM) (yes or no), level of education (junior high school, high school, college and university or more, or missing), smoking status (never, former, current smoker, or missing), alcohol consumption (never, former, current drinker, or missing), time spent walking per day (<0.5 h, 0.5-1.0 h, >1.0 h, or missing), history of any cancer in the family (yes or no). In women, we considered the after variables as additional potential confounders, number of births (0, 1, 2, ≥3, or missing), age at menarche (≤13 yr, 14-15 yr, ≥16 yr, missing), menopausal status (premenopausal, postmenopausal, or missing), and use of oral contraceptives (never, ever, or missing). BMI at age 20 was calculated as weight at age 20 divided by the square of height (kg/m 2 ). Missing values for confounders were treated as an additional variable category, and included in the model.
To assess whether the association between weight change and the risk of obesity-related cancer differed between subjects who were of normal weight and overweight at age 20, we conducted stratified analysis according to BMI at age 20 (<25.0 kg/m 2 , ≥25.0 kg/m 2 ). Interaction between weight gain since age 20 and BMI at age 20 was tested through the addition of cross-product terms to the multivariate model.
All P values were two-sided, and differences at P < 0.05 were considered statistically significant. All statistical analyses were performed using SAS version 9.4 (SAS Institute, Cary, North Carolina, USA). Table 1 shows the baseline characteristics of the study participants according to the categories of weight change since age 20. In women, compared to the stable category, the high weight gain category tended to have higher proportions of women who were current smokers, current drinkers, and spent <0.5 h walking per day. Women in the weight loss category tended to be older, postmenopausal and more likely to be current smokers. In contrast, men with the high weight gain category more likely to be never or former smokers.
Results
A total of 1,057,899 person-years were accrued, and 4,467cases of obesity-related cancer (women; 1,916 cases, men; 2,551cases) were documented. Also, 716 cases of obesity-related cancer (women; 305 cases, men; 411cases) were documented within the first 3 years of follow-up. Table 2 shows the multivariate-adjusted HR and 95% CI for obesityrelated cancer and cancer at individual sites according to the categories of weight change since age 20 in women. For women, after adjustment for confounding variables, weight gain was significantly associated with an increased risk of obesity-related cancer (moderate weight gain; HRs = 1.10, 95% CI: 0.97-1.26, high weight gain; HRs = 1.29, 95% CI: 1.14-1.47, P for weight gain trend <0.01). We also observed that weight gain was associated with an increased risk of colon cancer, postmenopausal breast cancer, and endometrial cancer. For high weight gain, the increased risk of associated colon cancer was significant (HRs = 1.31, 95% CI: 1.01-1.69). For postmenopausal breast cancer, moderate and high weight gain were significantly associated with an increased risk (moderate weight gain; HRs = 1.62, 95%CI: 1.16-2.27, high weight gain; HRs = 1.88, 95%CI: 1.35-2.61). For endometrial cancer, high weight gain was significantly associated with an increased risk (HRs = 1.90, 95% CI: 1.09-3.32). Also, weight loss tended to be associated with a decreased risk of endometrial cancer (HRs = 0.46, 95% CI: 0.21-1.00). For esophageal cancer, both categories of weight gain and weight loss tended to be associated with an increased risk, but not to a significant degree (weight loss; HRs = 1.55, 95%CI: 0.67-3.55, moderate weight gain; HRs = 1.54, 95%CI: 0.68-3.47, high weight gain; HRs = 1.28, 95%CI: 0.55-2.98). Also, after exclusion of incident cases that occurred within the first 3 years of follow-up, these associations were not observed. For gallbladder cancer, (Table 2 ). In addition, we conducted sensitivity analysis excluding any observations that had missing values for confounders (n = 21,952), but the results remained unchanged (Appendix 1). Table 3 shows the multivariate-adjusted HR and 95% CI for obesity-related cancer and cancers at individual sites according to the categories of weight change since age 20 in men. For men, after adjustment for confounding variables, weight gain was not associated with an increased risk of obesity-related cancer (moderate weight gain; HRs = 1.04, 95% CI: 0.91-1.18, high weight gain; HRs = 1.06, 95% CI: 0.94-1.21, P for weight gain trend = 0.23). Furthermore, we observed that weight gain tended to be associated with an increased risk of colon cancer and gallbladder cancer, although the association was not significant. For colon cancer, there was a positive association between the high weight gain category and the risk of cancer, but this was not significant (HRs = 1.22, 95% CI: 0.99-1.51). For gallbladder cancer, as well as for colon cancer, high weight gain was associated with an increased risk, but this was not significant (HRs = 1.53, 95%CI: 0.72-3.25). No statistically significant association was observed for esophageal cancer, gastric cardia cancer, rectal cancer, liver cancer, pancreatic cancer, multiple myeloma, kidney cancer, meningioma or thyroid cancer.
We further conducted stratified analysis according to BMI at age 20 to assess whether the association between weight change and the risk of obesity-related cancer differed between subjects who were of normal weight and overweight at age 20 in women. Table 4 shows the multivariate-adjusted HR for obesity-related cancer incidence according to BMI at age 20 and weight change categories in women. A positive association between weight gain and the risk of obesity-related cancer was consistently observed. In women whose BMI at age , high weight gain was significantly associated with an increased risk of obesity-related cancer (moderate weight gain; HRs = 1.08, 95% CI: 0.94-1.23, high weight gain; HRs = 1.25, 95% CI: 1.10-1.43). Similarly, we found that weight gain was associated with an increased risk of obesity-related cancer in women whose BMI at age 20 had been ≥25.0 kg/m 2 (moderate weight gain; HRs = 1.24, 95% CI: 0.79-1.95, high weight gain; HRs = 1.28, 95% CI: 0.76-2.17). However, no statistically significant effect modifications between weight gain since age 20 and BMI at age 20 were observed (p-value for weight gain interaction = 0.42).
Discussion
Our study of Japanese women demonstrated an association between weight gain since age 20 and an increased risk of obesity-related cancer both generally, and for colon cancer, postmenopausal breast cancer, and endometrial cancer. Moreover, weight loss since age 20 tended to be associated with a decreased risk of endometrial cancer. No statistically significant association was observed for esophageal cancer, gastric cardia cancer, rectal cancer, liver cancer, gallbladder cancer, pancreatic cancer, multiple myeloma, ovarian cancer, kidney cancer, meningioma and thyroid cancer. By contrast, our study found that weight change since age 20 was not significantly associated with the incidence of obesity-related cancer among Japanese men.
Many previous studies of obesity-related cancer have shown that weight gain during adulthood was associated with an increased risk of cancers, such as postmenopausal breast cancer and endometrial cancer in women, 1, [4] [5] [6] [7] [8] and the present findings were consistent with those studies. An association between weight gain during adulthood and ovarian cancer, kidney cancer, pancreatic cancer, and esophageal cancers in women has also been reported. However, our results were not consistent with those previous findings. Meanwhile, in men, many previous studies have reported an association between weight gain and the risk of obesity-related cancers, such as esophageal, gastric cardia, colorectal, pancreatic, and kidney cancer. 1, [13] [14] [15] [16] We found that weight gain tended to be associated with an increased risk of colon cancer and gallbladder cancer among men, although this was not significant. Furthermore, stratified analysis according to BMI at age 20 suggested that weight gain since age 20 was associated with an increased risk of obesity-related cancer for any of the categories of BMI at age 20 in women.
Our study suggested that weight gain since age 20 may also affect an increased risk of obesity-related cancer in Japanese women who have less severe and a low incidence of obesity than western women. In our study, we also observed a significant association for obesity-related cancer at several sites, such as postmenopausal breast cancer and endometrial cancer. A meta-analysis including total of 50 studies reported an association between weight gain during adulthood and the risk of 10 adiposity-related cancers, and weight gain was associated with an increased risk of postmenopausal breast cancer and endometrial cancer. 4 With regard to both postmenopausal breast cancer and endometrial cancer, many previous studies of Japanese and Chinese women have already demonstrated a positive association between weight gain during adulthood and the risk of cancer, and the present results are consistent Multivariate-adjusted HR1: adjusted for age, BMI at age 20 (continuous variable), history of diabetes mellitus (yes, no), level of education (junior high school or less, high school, and college or higher, missing), smoking status (never, former, current, missing), alcohol consumption (never, former, current, missing), time spent walking per day (<0.5 h, 0.5-1.0 h, >1.0 h, or missing), history of any cancer in the family (yes, no), number of births (0, 1, 2, ≥3, missing), age at menarche (≤13 yr, 14-15 yr, ≥16 yr, missing), menopausal status (premenopausal, postmenopausal, missing), use of oral contraceptives (never, ever, or missing). 2 Multivariate-adjusted HR2: After exclusion of incident cases during first 3 years from Multivariate-adjusted HR1. 3 Multivariate-adjusted HR1: menopausal status (premenopausal, postmenopausal, missing) was excluded from adjusted factor. 4 Multivariate-adjusted HR2: After exclusion of incident cases during first 3 years from Multivariate-adjusted HR1 with those findings. 7, [17] [18] [19] [20] In addition, our study found that weight loss since age 20 tended to be associated with a decreased risk of endometrial cancer, and this association was observed even after exclusion of incident cases that occurred within the first 3 years of follow-up. Dougan et al. have reported that weight loss is associated with a return to normal sex hormone-binding globulin levels, suggesting that the converse is true for weight gain. 21 Our findings suggest that weight loss during adulthood is effective for prevention of endometrial cancer.
For colon cancer, a meta-analysis of 10 prospective cohort studies and two case-control studies failed to find a significant association between weight gain and the risk of colon cancer. 22 A previous study of Chinese women also found that there was no significant association. 7 Unlike those studies, our study observed an association between weight gain since age 20 and an increased risk of colon cancer. A protective effect of exogenous estrogens, such as oral contraceptives and postmenopausal hormone therapy, against colorectal cancer has been pointed out previously. [23] [24] [25] Japanese women are less affected by exogenous estrogens because fewer use oral contraceptives and hormone replacement therapy than women in Western countries, and this may have accounted for the increased risk of colon cancer found in the present study. [27] [28] [29] In view of the paucity of data for Asian populations, further studies of the association between weight gain during adulthood and the risk of colon cancer will be needed. In addition, for rectal cancer, a meta-analysis of data from the West failed to find any significant association, 22 and the present findings were consistent with this.
For kidney cancer, a previous study has reported that individuals with greater adult weight gain have an increased, but not significant, risk. 4 A previous study of Chinese women has reported that each 5-kg increase in body weight was associated with an increased, but not significant, risk of renal cancer, being consistent with our findings.
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For esophageal cancer, our study found that both weight gain and weight loss tended to be associated with an increased risk, but after exclusion of incident cases that occurred within the first 3 years of follow-up, these associations disappeared. A systematic review conducted in Japan has concluded there is convincing evidence that alcohol drinking increases the risk of esophageal cancer. 29 The high weight gain category tended to have a higher proportion of women who were current drinkers, which may have been associated with an increased risk of esophageal cancer, although this association could not be investigated because of the small number of cases.
Among possible biological mechanisms by which obesity and weight gain may affect the risk of various cancers, insulin, insulin-like growth factors (IGFs), sex hormones, and adipokines have been suggested. 30, 31 Obesity is correlated with insulin resistance, and this commonly results in hyperinsulinemia. 33 In addition, increased serum levels of insulin and insulin-like growth factor 1 (IGF-I) are associated with an increased risk of several types of cancer, including colorectal cancer, breast cancer and endometrial cancer. [30] [31] [32] Adipokines, which are hormones produced from adipose tissue, are reported to play a role in the association between obesity and cancer incidence; for example, an increased serum level of leptin has been associated with the risk of colorectal cancer, breast cancer and prostate cancer. 31 For postmenopausal breast cancer and endometrial cancer, obesity leads to increased serum levels of estradiol through the action of aromatase in adipose tissue, thus affecting the risk of these cancers. 30 Our study had several strengths. First, it had a prospective design and a long follow-up period. Second, we adjusted for various potential confounders, including lifestyle habits, history of disease and hormonal factors. Third, using stratified analysis, we assessed whether the risk of obesity-related cancer associated with weight change differed between subjects who were of normal weight, and those who were overweight.
Our study also had several limitations. First, data on weight were self-reported. In our data, correlations between measured values and self-reported values of weight at the baseline were high. 12 On the other hand, since there were no data for measured values of weight at age 20, we were unable to evaluate the validity of those data. Second, there may have been residual confounding due to factors that were not measurable, for example genomic data and estrogen receptor status. Finally, in the analysis of esophageal cancer and kidney cancer, the number of cases was lower than for other obesity-related cancers, and thus the statistical power was insufficient.
Our study has shown that weight gain since age 20 was associated with an increased risk of obesity-related cancer among this cohort of Japanese women. These results provide Multivariate-adjusted HR: adjusted for age (continuous variable), history of diabetes mellitus (yes, no), level of education (junior high school or less, high school, and college or higher, missing), smoking status (never, former, current, missing), alcohol consumption (never, former, current, missing), time spent walking per day (<0.5 h, 0.5-1.0 h, >1.0 h, or missing), history of any cancer in the family (yes, no), number of birth (0, 1,2, ≥3, missing), age at menarche (≤13 yr, 14-15 yr, ≥16 yr, missing), menopausal status (premenopausal, postmenopausal, missing), use of oral contraceptives (never, ever, missing).
additional evidence to indicate an association between weight change during adulthood and the incidence of obesity-related cancers in a population of Asian women, who are known to have less severe, and a lower incidence of, obesity than women in western populations. These results also suggest the importance of maintaining a standard body weight for prevention of obesity-related cancers among Japanese women.
